ABSTRACT-Following the Monte Carlo technique, we stations in India are from three distinctly different rainhave obtained an estimate of the period of monthly rain-fall regimes during the summer monsoon. The marginal fall that would provide approximate normality for the distributions of the shape and scale parameters appear to marginal distributions of the shape and scale parameters attain approximate normality when the period of monthly of the gamma model applied to monthly rainfall and an datrt approaches 75 yr. The stability period of the gamma estimate of the stability period of these parameters. The model parameters (based on the specific criterion adopted) long rainfall records (exceeding 130 yr) of Bombay, appears to be from 50 to 65 yr. Calcutta, and Madras have been utilized. These three
n BNTRODUCTIO I n an earlier paper, Mooley (1973) showed that the gamma probability model, for which the probability density function is given by P=O for 2 5 0 , is the most suitable among those Pearsonian models that show good fit to the Asian summer monsoon monthly rainfall. He used this model for the computation of monthly rainfall probabilities for the stations in the area. Fisher (1922) demonstrated that large-sample maximum likelihood (M.L.) estimates of the parameters of a distribution are normally distributed. He now must determine the sample size that would provide approximately normally distributed parameters of the gamma model applied to monthly rainfall. With this information, we could then determine whether reasonably accurate confidence limits on the estimates of the parameters can be obtained in the cases under consideration.
The probabilities of rainfall obtained on the basis of the gamma model are stable if the parameters of the model are stable. Thus, we also must determine the size of the rainfall sample necessary to obtain stable parameters.
A preliminary investigation on stability was made by Mooley and Crutcher (1968) for Bombay and Calcutta. within the limits gha; and, thereafter, continued to lie within these respective limits for higher values of n. Here, b and g are the M.L. estimates, and a; and a; are their standard errors obtained for the total rainfall data for the station. The value of n a t this stage was taken as the stability period. The preliminary estimates of the stability period for the summer monsoon months obtained from the study was between 70 and 90 yr. However, the criterion that b, and g, for all the four samples should lie within the adopted limits appears rather stringent. It may be mentioned that the sarnpling done by Mooley and Crutcher (1968) did not involve replacement. Following a different approach and using the long record of rainfall of Bombay, Calcutta, and Madras located within three distinctly different rainfall regimes, we proposed to obtain broad estimates of the statistical distribution and the stability period of the M.L. estimates of the parameters of the gamma probability model applied to monthly rainfall during the summer monsoon. mental study were generated from the random digits provided by Owen (1962) and Fisher and Yates (1963) . One hundred random samples, each of size 10, 20, 30, 50, and 75, were obtained for use with each of the three stations.
We then obtained a random rainfall sample corresponding to each sample of random numbers. Random sampling from each station's rainfall record mas done with replacement since repetition of a rainfall value and occurrence of a value in close proximity to a value from the rainfall record are possible. Moreover, for nonrepe titive random sampling experiments, the available rainfall record is meager. Considering these points and the purpose of this investigation (i.e., to obtain a broad estimate of the statistical distribution and the period of stability of the M.L. estimates of the parameters), we felt tliat the procedure followed in getting the random rainfall samples is adequate. For each random rainfall sample for each of the three stations, b, and gn, the M.L. estimates of the scale and shape parameters, respectively, of the gamma distribution were calculated. The subscript n denotes the size of the rainfall sample. This provides samples of size 100 for b, and g , corresponding to n equal t o 10,20,30, 50, and 75 for each of the stations. Using these samples, we studied the statistical distribution and stability of the scale and shape parameters of the gamma model applied to monthly rainfall.
It may be mentioned that the estimate for y has been obtained by solving the quadratic equation in y as given by Thom (1958) , and the estimate of 0 has been obtained 'by using the relation py=mean. These estimators have been termed Thom's estimators by Shenton and Bowman (1970a) . In the Asian summer monsoon region, y is greater than unity. For the three stations considered (ie., Bombay, Calcutta, and Madras) and for the months of the summer monsoon season, y vaired from 1.7 to 8.6. Shenton and Bowman (1970a) 6, is more difficult to deal with. Since g1 and g2 can be positive or negative, a two-tailed test has been applied to test whether gl and g2 are significantly different from zero. Five-percent and 1-percent levels of significance have been considered. The appropriate limits beyond which g1 and g2 become significant a t these two levels have been obtained by using expressions for E(gl), var (SI), E(gJ, and var (g2), given first by Fisher (1930) 
JULY
denotes the expected value operator and var denotes variance.
The chi-square test of goodness-of-fit was applied after obtaining theoretical and empirical frequencies for eight intervals and computing the chi-square statistic, wherefi and O i are theoretical and empirical frequencies for the ith interval. Five-percent and l-percent levels of significance were adopted for testing the significance of the chi-square statistic.
Since the significance of any one of the three statistics (i.e., gl, g2, 'and the chi-square statistic) does not imply significance of the other two, it is necessary to test the significance of all three and conslder the distribution to be normal if none of these three statistics are significant. It becomes possible to infer for each of the' three stations that, in general for all the monsoon months, the marginal distributions of both the scale and shape parameters tend to approximately normal distribution as the rainfall sample size increases beyond 50 and approaches 75.
The preceding inference is expected to apply to the parts of Southeast Asia having monspon rainfall regimes similar to those of Bombay, Calcutta, and Madras. Shenton (1968, 1970) Bowman (1969 Bowman ( , 1970b Bowman ( , 1972 Bowman ( , 1973 , who have studied the properties of maximum likelihood estimators of the two-parameter gamma distribution and have derived expressions for the first four moments, also have considered the approach to normality of the marginal distributions of these estimators, b and g. They found that, for n l 7 0 , both maximum likelihood estimators of a strictly gamma distribution attain reasonable closeness to normality as judged by the significance of their skewness and kurtosis coefficients.
A A
STABILITY PERIOD OF BETA AND GAMMA
The stability period depends on the criteria adopted. The criteria should, however, be fixed beforehand. Any statistic that changes value as n (the size of the rainfall sample) increases can be used to study the stability. I n the present study, the statistic, relative mean deviation (R.M.D.) has been used. This is defined as the ratio of mean deviation from median/median. The criterion adopted for the stability period is that the R.M.D. attains a value of 0.15 and thereafter remains below this value. The 'stability period is the interpolated value of n at which the R.M. hence, 80 yr is considered to be the stability period of the parameters. The stability periods obtained in this way are rounded to the nearest five (table 6). Table 6 indicates that, in general, the monthly rainfall data for a period of 50-65 yr are able to provide stable parameters of the gamma probability model when the R.M.D. of b*, and $n attain the value 0.15. The stability periods for June rainfall of Bombay and September rainfall of Calcutta are larger. With the data given in table 4, stability periods corresponding to any other value of the R.M.D. can be obtained.
To decide whether the inference about the stability period can be applied t o other stations in the field of the Asian summer monsoon, we must examine the relative variation of ! and $ over the area. The relative variation of b* is u; /f, and !hat for $ is a;/$. Using the expressions for the variance of b and given by Thom (1958) , we can express the relative variation as where $'($) =trigamma function=d21n [I'(i)]/@. We computed these expressions for each station of the 39-station network used by Mooley (1973) ; however, for this purpose, we used only the last 50 yr of his data for fitting the gamma distribution. The 50-yr period was practically identical over the area except for a few stations; therecore, we were able to compare the relative variations of 6 and $ over the different parts of Southeast Asia. the whole area and differs little from that for the three stations. The measure adopted for obtaining the stability periods of the parameters for the three stations is a relative measure, defined by the ratio, mean deviation from the median/median. Therefore, it is reasonable to expect that the inference drawn about the stability period of the gamma parameters for the monsoon months for the three stations Bombay, Calcutta, and Madras can be extended to most stations in Southeast Asia.
CONCLUSIONS
1. The marginal distributions of the parameters of the gamma probability model applied to the monthly rainfall of Bombay, Calcutta, and Madras, India, during the summer monsoon season attain approximate normality as n, the size of the rainfall sample, approaches 75. This result could be applied to other stations in Southeast Asia having rainfall regimes similar to those at the three stations. 2. The parameters of the gamma probability model applied to the monthly rainfall of Bombay, Calcutta, and Madras obtained from a rainfall sample of size 50-65 are generally stable. This result is applicable to stations in the field of the Asian summer monsoon except possibly in cases of very dry regimes. It would not be advisable to use monthly rainfall samples of sizes smaller than 50 for obtaining stable parameters of the gamma model and, consequently, for obtaining stable rainfall probabilities.
A
3. If both approximate normality and stability are required together, then a rainfall sample size of about 75 would in most cases meet the requirement.
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